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The primary function of the bronchial epithelium is to act as a defensive barrier aiding 
the maintenance of normal airway function. Bronchial epithelial cells (BECs) form 
the interface between the external environment and the internal milieu, making it a 
major target of inhaled insults. However, BECs can also serve as effectors to initiate 
and orchestrate immune and inflammatory responses by releasing chemokines and 
cytokines, which recruit and activate inflammatory cells. They also produce excess 
reactive oxygen species as a result of an oxidant/antioxidant imbalance which 
contributes to chronic pulmonary inflammation and lung tissue damage. Accumulated 
mucus from hyperplastic BECs obstructs the lumen of small airways, whereas 
impaired cell repair, squamous metaplasia and increased extracellular matrix 
deposition underlying the epithelium is associated with airway remodelling 
particularly fibrosis and thickening of the airway wall. These alterations in small 
airway structure lead to airflow limitation, which is critical in the clinical diagnosis of 
chronic obstructive pulmonary disease (COPD). In this review, we discuss the 
abnormal function of BECs within a disturbed immune homeostatic environment 
consisting of ongoing inflammation, oxidative stress and small airway obstruction.  
We provide an overview of recent insights into the function of the bronchial 
epithelium in the pathogenesis of COPD and how this may provide novel therapeutic 
approaches for a number of chronic lung diseases. 
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Chronic obstructive pulmonary disease (COPD) represents a syndrome comprising 
chronic bronchitis (CB) and emphysema characterised by largely irreversible and 
progressive airflow limitation [1]. More than 200 million people worldwide are 
currently affected by the disease, which is the fourth leading cause of death 
worldwide [2] and is projected to be the third leading cause by 2030 [3]. At the 
pathological level, COPD is associated with chronic pulmonary inflammation in 
response to environmental insults.  This is, in turn, inextricably linked to disturbed 
tissue repair, increased mucus secretion and epithelial cell hyperplasia with airway 
wall thickening in the small conducting airways [4].  Bronchial epithelial cells 
(BECs), which line the airway lumen, are among the first sites of contact for 
environmental stimuli (microorganisms, gases and allergens) and perform a crucial 
role in maintaining normal airway function. Studies on human bronchial biopsies in 
COPD have demonstrated increased inflammatory gene and protein expression and 
structural alterations in bronchial epithelial cells [5–8] suggesting a causal role of 
BECs in COPD pathogenesis. 
 
Bronchial epithelial cells (BECs) 
BECs are composed of various cell types and may be classified into three categories 
based on ultrastructural, functional and biochemical criteria: basal, ciliated and 
secretory cells [9].  Basal cells are ubiquitous in the large (50%) and small airways 
(81%) [10] but the absolute cell count decreases with airway size [11].  Basal 
epithelial cells exclusively express hemidesmosomes indicating an important role in 
the attachment of themselves and more superficial cells to the basement membrane 
[11, 12].  These cells are also thought to be primary progenitor or stem cells because 
they can self-renew and give rise to secretory and ciliated epithelial cells in response 
to epithelial injury [13].  In addition to their structural and progenitor functions, 
basal epithelial cells also produce various bioactive molecules, including neutral 
endopeptidase, 15-lipoxygenase products and cytokines [14].   
Ciliated epithelial cells are the major cell type within the airways, accounting for over 
50% of all epithelial cells [9]. They possess up to 300 cilia per cell and have 
numerous energy-producing mitochondria adjacent to their apical surface, 
highlighting the critical function of the cells in clearing mucus out from the airways 
via directional ciliary beating [15].   
Mucus (goblet) cells are large secretory granules containing large quantities of mucin 
glycoproteins which secrete mucus in order to trap foreign objects in the airway 
lumen [16]. A balance between the correct amount of mucus production and clearance 
provides a critical defensive barrier and prevents airway surface desiccation [17]. 
Mucus cells are also capable of self-renewal and differentiation into ciliated epithelial 
cells [11].  
In humans, non-ciliated secretory cells called Club cells (these were formerly known 
as Clara cells) exist in the small airways and trachea.  These are morphologically 
identified by their distinctive dome-shaped apical protrusions and molecularly 
identified by their expression of Clara cell secretory protein [17]. The cells possess 
several lung protective functions. They regulate bronchiolar epithelial integrity and 
immunity by producing bronchiolar surfactants and specific anti-proteases; they 
metabolise xenobiotic compounds by the action of p450 mono-oxygenases [18] and 
also have an important stem cell function as progenitors for both ciliated and 
mucus-secreting cells [19].  
Considering the critical functions of BECs in maintaining the normal structure and 
function of the airways it is not surprising that dysregulated BECs may contribute to 
the pathogenesis of many lung diseases such as COPD. In this review we address the 
evidence for a critical role of dysfunctional BECs in the pathogenesis of COPD. 
 
BECs initiate and regulate immune responses 
The lungs are persistently exposed to environmental insults, but rarely show signs of 
infection, implying the existence of effective host defence mechanisms. The host is 
protected against various stimuli by a multi-layered defence system consisting of a 
combination of physical barriers, as well as innate and adaptive immune mechanisms 
[20].  The importance of numerous immune cell types in COPD has been stressed for 
many years [21].  Vareille et al. [22] summarised the important functions of BECs in 
response to respiratory viruses and these can be categorised on several different levels. 
Firstly, BECs form an efficient physical barrier function against viral invasion by 
exhibiting cell–cell junctions, including tight junctions, adherens junctions, gap 
junctions and desmosomes [23]. Ciliated and mucus cells together enable the 
formation of a mucus barrier that traps and clears approximately 90% of inhaled 
particles [24]. Secondly, BECs rapidly recognise molecules that are exclusive to 
microbes, namely, pathogen-associated molecular patterns (PAMPs), via expression of 
pattern recognition receptors (PRRs) such as Toll-like receptors (TLRs).  This 
recognition enables BECs to subsequently interact with, guide, activate and modulate 
other immune cells [25]. Thirdly, BECs produce various antiviral substances and 
release chemokines and cytokines that are important in both innate and adaptive 
immune processes upon viral recognition. 
Cigarette smoke (CS) is the main etiological factor for COPD. CS can disturb immune 
homeostasis in the lungs and change airway host defence mechanisms leading to 
COPD [26]. CS induces dramatic alterations in the airway epithelial architecture and 
impairs barrier functions of BECs by increasing the permeability of the airway 
epithelium, impairing cilia beat ability and reducing mucociliary clearance [27, 28]. 
This barrier dysfunction, which is often found in COPD [29, 30], can increase viral 
binding and entry into cells, further impairing barrier function [31–33]. CS also 
inhibits the production of interferons (IFNs), important antiviral substances, by BECs 
upon stimulation with a viral double-stranded RNA mimic, polyI:C [34], indicating 
that BECs have an impaired immune defence against viral infections. 
In addition to the compromised immune barrier function following chronic CS 
exposure, altered BECs also show disproportionate immune responses to other 
environmental hazards. CS and other inhaled toxic agents cause direct damage to 
BECs leading to the release of endogenous molecules called damage-associated 
molecular patterns (DAMPs) [35]. Concentrations of high-mobility group box 1 [36], 
uric acid and extracellular ATP [37], which are important DAMPs, are shown to be 
increased in bronchoalveolar lavage fluid of patients with COPD compared with 
smokers without COPD. Similar to PAMPs, these signals are identified by PRRs, such 
as TLR4 and TLR2 on BECs [38] and can subsequently trigger a non-specific 
inflammatory response [39]. Release of early cytokines and chemokines [such as 
tumour necrosis factor α (TNF-α) and interleukin (IL)-1 and IL-8/CXCL8] by BECs 
elicits the recruitment of macrophages, neutrophils and dendritic cells (DCs) to the 
site of inflammation [40, 41].  These cells, in turn, secrete proteolytic enzymes and 
reactive oxygen species (ROS), causing lung tissue damage [42].  
DCs are specialised antigen-presenting cells that have a central function in the 
initiation of innate and adaptive immune responses [43]. By integrating multiple 
signals from the local microenvironment, DCs promote CD4+ T helper cell 
differentiation and CD8+ cytotoxicity [35], which are both associated with more 
advanced stages of airflow limitation and emphysema in COPD [44]. Considering the 
close proximity of BECs and DCs, DCs are likely to be receptive to local signals 
derived from epithelial cells. Several studies have demonstrated that DC migration, 
maturation and activation is regulated by BEC-secreted chemokines [45, 46]. For 
example, MIP-3α/CCL20, the unique ligand for CCR6 released by BECs in response 
to CS exposure, can facilitate the recruitment of DC subsets to the airway epithelium 
[41, 45]. BECs not only help promote terminal differentiation of B-cells oriented 
towards polymeric immunoglobulin-A (IgA) production by producing different 
cytokines, such as TGF-β, IL-5 or IL-10 [47], but also mediate IgA transportation [48]. 
Thus, we suggest that BECs can both initiate and regulate the innate and adaptive 
immune systems involved in COPD pathogenesis (Figure 1). 
 
BECs act as both targets and potent effector cells in chronic pulmonary 
inflammation 
Chronic inflammation contributes to airflow limitation in COPD [1, 49]. Chronic 
inflammation in COPD is mainly characterised by the accumulation of neutrophils, 
macrophages, B cells and CD8+ T cells, especially in small airways [50]. Various 
inflammatory mediators also have important functions in the pathogenesis of the 
disease. BECs serve as a barrier to noxious stimuli and produce mediators and 
enzymes to maintain normal airway homeostasis. Respiratory viruses rapidly 
stimulate epithelial cells to secrete a wide range of pro-inflammatory mediators, such 
as IL-6, IL-8 and granulocyte-monocyte colony-stimulating factor (GM-CSF) [51, 52]. 
These early activated cells cause changes in endothelial cell physiology and further 
induce migration and infiltration of inflammatory cells to the airways [52–54]. Under 
normal conditions, the inflammatory cells in airways kill and eliminate inhaled 
foreign matter by secreting cytotoxic mediators and proteases, employing 
phagocytosis and a respiratory burst. However, sustained deleterious environmental 
stimuli, such as CS, may cause injury and alterations in defence mechanisms in BECs. 
The bronchial epithelium not only serves as a target of environmental stresses, but 
also works as a major effector to propagate the inflammatory process [55]. BECs 
produce primary inflammatory mediators, such as IFN-γ, TNF-α and IL-1, which then 
trigger the release of secondary mediators by BECs, including other cytokines, lipid 
mediators, growth factors, proteases and ROS [35, 56, 57].  A summary profile of 
the mediators produced by BECs potentially involved in COPD is shown in Table 1, 
with further details on major mediators provided in the following section. 
Lipid mediators, including prostaglandins (PGs), leukotrienes (LTs) and 
platelet-activating factor (PAF), are produced by BECs in response to various stimuli 
[58, 59] and act in an autocrine or paracrine manner to trigger the production of more 
lipid mediators [60, 61]. These mediators are chemotactic for neutrophils and 
macrophages and can alter vascular and epithelial permeability [62]. PAF and LTs can 
induce airway mucin secretion and cause bronchoconstriction [60, 61]. When oxidant 
exposure (e.g., chronic CS exposure) is continuous, oxidant species are especially 
important in the lung epithelium. Reactive species, such as hydrogen peroxide (H2O2), 
superoxide anion radicals (O2●), hydroxyl radicals (i.e., OH●), nitric oxide (NO) and 
peroxynitrite (ONOO), change cell functions in the lungs. The oxidants released by 
BECs [63, 64] either directly injure the airway epithelium or alter the expression and 
activation of redox-sensitive pro-inflammatory signalling pathways including nuclear 
factor-κB (NF-κB) and activation protein (AP)-1 [65], thereby amplifying 
inflammatory cell influx. Cytokines are pluripotent proteins that are produced and 
released by various cell types, including human BECs [66]. Primary pro-inflammatory 
mediators such as IL-1 and TNF-α are produced rapidly by BECs upon stimulation 
and can feedback on the same cells to up-regulate the expression and secretion of 
secondary cytokines including IL-6, IL-8/CXCL8 and GM-CSF [35, 56, 57, 66]. In 
addition, BECs are a major source of numerous chemokines such as CXCL1, CXCL5, 
CXCL10, CCL11, CCL2 and CCL5 [67] which facilitate the recruitment and 
activation of different inflammatory cells within the airways.  These recuited 
inflammatory cells can release various proteases, including neutrophil elastase and 
matrix metalloproteinases (MMPs), which break down connective tissue components, 
particularly elastin, in lung parenchyma to produce emphysema. 
Exposure of BECs to cigarette smoke results in the activation of numerous 
redox-associated intracellular signalling pathways including MAPKs, NF-κB and 
AP-1 [68, 69]. Other transcription factors, including cAMP response element-binding 
protein, CBP [70], CCAAT/enhancer-binding protein-b [71] and peroxisome 
proliferator-activated receptor [72], are also activated by CS exposure. These all 
contribute to varying degress to the expression of inflammatory mediators in BECs. 
 
BECs contribute to the oxidant/antioxidant imbalance in oxidative stress 
Increasing evidence showed that oxidative stress is an important feature in COPD [73, 
74] because of excess ROS in the antioxidant defence mechanisms in the airways. 
BECs can produce increased amounts of ROS in response to different stimuli [75]. 
The airways are exposed to exogenous oxidants, such as CS, which summate with 
endogenous ROS production to elevate oxidative stress and further increase the 
inflammatory and destructive response in COPD. 
Activation of MAPK and NF-κB pathways [68, 76] and increased cytokine release 
[77] has also been demonstrated in airway epithelial cells in response to oxidant stress 
per se and this may be linked, at least in part, to alterations in the histone 
acetylation/deacetylation balance [78, 79]. The increased expression and release of 
mediators, such as CXCL8/IL-8, GM-CSF, soluble ICAM-1 and TNF-α, may also 
regulate the influx of inflammatory cells [80]. For instance, exposure of human 
airway epithelial cells to ozone results in the induction of adhesion molecules on 
BECs leading to increased neutrophil adhesion [81]. Therefore, oxidative stress in 
BECs may amplify the ongoing inflammatory responses in COPD. In addition, 
oxidative stress can increase both airway mucus obstruction in vivo and the expression 
of mucin genes (MUC5AC) in vitro by activating epidermal growth factor receptors 
(EGFRs) in BECs [82, 83]. The activation of EGFR also mediates oxidative stress 
induced-proliferation of BECs [84].  
Oxidative stress causes direct injury of BECs. Ozone alters the distribution of β1 
integrins in cultured primate BECs resulting in damage of cells and loss of cilia [85].  
Exposure of BECs to oxidants increases their permeability and can result in apoptosis 
or necrosis [86, 87]. These effects may be attributed to DNA strand breaks in airway 
epithelial cells that induce changes in the expression of epithelial cell-specific genes 
[88]. These injuries to BECs impair their protective capacity against inhaled oxidants 
and other insults, enhancing local inflammation and cell death. 
Numerous endogenous antioxidants are produced to maintain oxidant/antioxidant 
homeostasis in the airways. Glutathione (GSH) is a major antioxidant in airway 
epithelial cells and in epithelial lining fluid, but the concentration of GSH in the latter 
is much higher than that in the former [89, 90]. Extracellular glutathione peroxidase 
can be released by BECs and macrophages particularly in response to CS or oxidative 
stress [91]. GSH and its redox system can inactivate H2O2, O2●- and reactive nitrogen 
species [90] and are important for the detoxification of lipid peroxides or other toxic 
metabolites in lung tissue.  Oxidative stress induced by hyperoxia, H2O2, menadione 
or ozone exposure in vivo in rats and monkeys, may initially deplete GSH although 
this is followed by a significant increase in GSH levels.  Similar results are seen in 
vitro in human BECs which was associated with the tolerance of cells to further 
oxidative stress [92, 93]. However, Rusznak et al. [94] demonstrated that exposure to 
CS leads to a significant decrease in intracellular GSH levels without a rebound 
increase in levels within primary cultures of human BECs derived from healthy 
never-smokers, smokers with normal pulmonary function and those with COPD. 
Furthermore, Van der Toorn M et al. [95] showed that CS irreversibly modifies GSH, 
thereby depleting the total available GSH pool in airway epithelial cells. These 
findings indicated a chronic lack of protection against oxidative stress, providing a 
mechanism by which BECs contribute to CS-induced oxidative damage found in 
patients with COPD (Figure 2). 
 
Goblet cell hyperplasia and mucous metaplasia results in CB in COPD 
Mucus is a liquid bilayer that lines the inner surface of the airways and exists as the 
first line of defence against various insults. Inhaled particles are trapped in viscous, 
adhesive liquid gel and removed from the airways by mucociliary clearance [96]. The 
efficiency of mucociliary transport depends on the viscoelasticity of mucus, which is 
conferred by mucous glycoproteins or mucins [97]. Mucins are produced and secreted 
by several cell types and seromucous glands in the submucosa. Among these cell 
types, goblet cells have the greatest potential for mucus composition [198, 99]. 
Chronic bronchitis (CB) is one of the two major diseases constituting COPD. CB is 
caused by excessive luminal mucus resulting from a combination of mucus 
hypersecretion by goblet cells and decreased mucus elimination. Smokers with CB 
have increased numbers of goblet cells, which are associated with elevated amounts 
of intracellular mucin, in which MUC5AC is predominant form, compared with 
non-smoking controls [100, 101]. The hypersecreted mucus with increased viscosity 
and decreased antibacterial products aggravates airflow limitation and leads to an 
increased risk of chest infection [98, 102]. 
Inflammation, oxidative stress and proteases involved in COPD pathogenesis have 
been linked to goblet cell hyperplasia accompanied with hypersecretion of mucins. 
Various inflammatory mediators and signalling pathways regulate the transcription of 
MUC genes.  IL-1β, IL-17A and TNF-α induce mucus production via the activation 
and nuclear translocation of NF-κB [103, 104]. IL-1β-induced MUC5AC expression 
also depends on cyclooxygenase (COX)-2-generated PGE2 and triggering of a cyclic 
AMP-protein kinase A-dependent pathway through PGE receptors (EPs), specifically 
EP2 and EP4 receptors [105]. Up-regulation of chloride channels expressed in BECs 
increases Cl- secretion and regulates mucus volume [106]. IL-13 can also induce 
mucin gene expression in human BEC cultures through the MAPK and 
phosphatidylinositol 3-kinase pathways [107]. IL-13 also induces disordered mucus 
cell metaplasia via EGFR activation in COPD [108]. Oxidative stress, both 
exogenously from CS and endogenously from neutrophils, can activate EGFR and 
induce mucin synthesis [109]. Furthermore, a recent study reported that human BECs 
express the arylhydrocarbon receptor (AhR) whose activation causes excess mucin 
production in a ROS-dependent manner [110]. Furthermore, human neutrophil 
elastase [111], MMP-9 [112] and MMP-14 [113] also increase mucin production via 
an EGFR-mediated mechanism. 
Failure to clear mucus from the airway surface is another critical event in the 
pathogenesis of CB. Excess mucin production leads to an imbalance of mucin, salt 
and water on the airway surface, resulting in mucus stasis and reduced clearance, 
which may be attributed to two mechanisms. One is the reduced ciliary beat efficiency 
due to the increased viscosity of the periciliary liquid layer (PCL) which underlies the 
mucus layer and acts as a lubricant. The other is that the depleted PCL, flattened cilia 
and adhesion of the thickened mucus to the apical cell surface contribute to the failure 
of cough-dependent clearance [114]. 
   
Disordered repair, regeneration and consequent remodelling of airways actively 
contribute to airflow limitation in COPD 
In addition to mucus accumulation in airway lumen, airflow obstruction is also 
associated with small airway remodelling in COPD [115]. Thickening of airway wall 
tissue associated with BEC repair, squamous metaplasia and increased amounts of 
extracellular matrix (ECM) deposition are characteristic features of airway 
remodelling in COPD. Acute exposure to inhaled toxic insults, such as CS or 
microorganisms, induces the loss of epithelial integrity and increased epithelial injury. 
Under normal conditions this injury is repaired or the epithelium regenerated as 
exemplified in several animal models by the proliferation and migration of the basal 
epithelial cells neighbouring the wound over the provisional ECM secreted by 
epithelial cells, squamous metaplasia, progressive redifferentiation and finally 
ciliogenesis and complete regeneration of a pseudostratified secretory or ciliated 
epithelium [116, 117]. This repair and regeneration “ad integrum” leaves no residual 
trace of the previous injury. However, any delay or interruption in the epithelial repair 
and redifferential process caused by interactions with other cells or the presence of 
inflammatory mediators may disturb the normal repair and regeneration process 
leading to ECM deposition and airway fibrosis. 
Peripheral airway wall fibrosis is more prevalent in COPD compared with asthma and 
represents an important cause of airway narrowing in COPD [118, 119]. Chronic 
exposure to CS or environmental pollution induces the loss of epithelial integrity, 
leading to epithelial abnormalities which can affect airway tissue fibrosis.  The loss 
of epithelial integrity impairs the innate immune functions of the airway epithelium 
[120, 121] and extensive molecular reprogramming allows mesenchymal 
transdifferentiation into fibroblasts by a process called epithelial-mesenchymal 
transition (EMT) [122].  Zhang et al. [123] demonstrated that EMT occurs in human 
BECs stimulated by TGF-β1. Furthermore, Sohal et al. [124] reported that EMT may 
be an active process in COPD airways. This process is accompanied with progressive 
loss of epithelial markers, gain in migratory and invasive potential and elevated 
ability to produce ECM components [125, 126] which all contribute to airway wall 
fibrosis and thickening. In addition, BECs can produce and release various 
inflammatory mediators and growth factors including TGF-β [50] which is the main 
stimulus causing fibroblasts to produce ECM constituents.  MMPs, expressed by 
migrating epithelial cells, have key functions in the migration of BECs (MMP-9), the 
shift from an epithelial to a mesenchymal phenotype (MMP-3 and MMP-11) and 
degradation of ECM components during the tissue remodelling process (MMP-12) 
[127, 128]. Thus, COPD epithelial cells produce abnormal levels of active MMPs. 
Dysregulated production and activation of MMPs will result in an imbalance of ECM 
turnover and induce degradation in lung parenchyma and deposition in bronchi and 
bronchioles in COPD [128–130]. 
 
Conclusions and future directions 
CODP is characterised by airflow limitation that is not fully reversible because of 
remodelling of the small airway compartment and emphysematous destruction of the 
parenchyma [131]. Several mechanisms have been implicated in the pathogenesis of 
the disease, including immune dysregulation, exaggerated chronic inflammation and 
oxidant and antioxidant imbalance in response to inhaled insults. As the first line of 
defence against noxious insults, the human bronchial epithelium lining the respiratory 
airways exerts a negative regulatory function in the preventing the onset of COPD. 
Upon repeated environmental challenge, BECs serve as a switchboard to initiate and 
orchestrate immune responses through the release of chemokines and cytokines, 
which recruit and activate inflammatory cells. Epithelial cells damaged by inhaled 
agents, such as CS, produce a disorganised immune response and heightened 
inflammatory processes.  Exposure of BECs to CS, inhaled airborne pollutants or 
other oxidants not only generates excess ROS but also impairs antioxidant gene 
expression in BECs [75, 94, 95] leading to an oxidant/antioxidant imbalance and lung 
inflammation. In addition, goblet cell hyperplasia, mucus accumulation, squamous 
epithelial metaplasia, airway wall fibrosis and thickening caused by ECM deposition 
underlying the epithelium are major characteristics of COPD and can cause small 
airway obstruction and airflow limitation. 
Even after smoking cessation in COPD patients, oxidative stress and pulmonary 
inflammation persist, which may hamper or prevent tissue repair [35]. Therefore, an 
effective treatment regime for COPD requires stopping exposure to toxic substrates, 
such as CS, as well as inhibition of excessive inflammation, oxidative stress and 
ideally reversal of structural changes within the small airways and parenchyma [132].  
Considering the ability of BECs to orchestrate the myriad of downstream responses to 
cigarette smoke, drugs that modify the ability of activated COPD BECs to modulate 
these oxidative stress, immune responses and inflammatory processes should be 
effective in COPD.  A consequence of preferentially targeting BECs is that 
downstream effects on inflammatory cell recruitment and on airway remodelling 
should also be improved without the need for separate therapies.
References 
1. Rabe KF, Hurd S, et al: Global strategy for the diagnosis, management, and prevention of 
chronic obstructive pulmonary disease: GOLD executive summary. Am J Respir Crit Care Med 
2007, 176:532-55. 
2.  Lopez AD, Mathers CD, et al: Global and regional burden of disease and risk factors, 2001: 
systematic analysis of population health data. Lancet 2006, 367: 1747–57. 
3.  Organization WH: World Health Statistics 2008. 2008, 110. 
4.  Hogg JC, Timens W: The pathology of chronic obstructive pulmonary disease. Annu Rev 
Pathol 2009, 4:435-59. 
5.  Ollerenshaw SL, Woolcock AJ: Characteristics of the inflammation in biopsies from large 
airways of subjects with asthma and subjects with chronic airflow limitation. Am Rev Respir Dis 
1992, 145:922-7. 
6.  Di Stefano A, Turato G, Maestrelli P et al: Airflow limitation in chronic bronchitis is associated 
with T-lymphocyte and macrophage infiltration of the bronchial mucosa. Am J Respir Crit Care 
Med 1996, 153:629–32. 
7.  Di Stefano A, Maestrelli P, Roggeri A et al: Upregulation of adhesion molecules in the bronchial 
mucosa of subjects with obstructive chronic bronchitics. Am J Respir Crit Care Med 1994, 
149:803-10. 
8.  Vignola AM, Chanez P, Chiappara G et al: Transforming growth factor-beta expression in 
mucosal biopsies in asthma and chronic bronchitis. Am J Respir Crit Care Med 1997, 156:591-9. 
9.  Spina D: Epithelium smooth muscle regulation and interactions. Am. J. Respir. Crit. Care Med 
1998, 158:S141-5. 
10.  Boers, J.E, Ambergen, A.W, Thunnissen, F.B: Number and proliferation of basal and 
parabasal cells in normal human airway epithelium. Am J Respir Crit Care Med 1998, 157: 
2000-2006. 
11.  Evans MJ, Plopper CG: The role of basal cells in adhesion of columnar epithelium to airway 
basement membrane. Am. Rev. Respir. Dis 1988, 138: 481-3. 
12.  Evans MJ, Cox RA, et al: The role of basal cells in attachment of columnar cells to the basal 
lamina of the trachea. Am. J. Respir. Cell Mol. Biol 1989, 1: 463–9. 
13.  Hong, K.U, Reynolds, S.D, et al: In vivo differentiation potential of tracheal basal cells: 
evidence for multipotent and unipotent subpopulations. Am J Physiol Lung Cell Mol Physiol 2004, 
286: L643-L649. 
14.  Knight, D.A, Holgate, S.T: The airway epithelium: structural and functional properties in 
health and disease. Respirology 2003, 8:432-446. 
15.  Harkema JR, Mariassy A, St. George J, Hyde DM, Plopper CG: Epithelial cells of the 
conducting airways: a species comparison. In: Farmer SG, Hay DWP (eds). The Airway Epithelium: 
Physiology, Pathophysiology and Pharmacology. Marcel-Dekker, New York 1991: 3-39. 
16.  Jeffery PK: Morphologic features of airway surface epithelial cells and glands. Am. Rev. 
Respir. Dis 1983, 128:S14-20. 
17.  Evans, C.M, Koo, J.S: Airway mucus: the good, the bad, the sticky. Pharmacol Ther 2009, 121: 
332-348. 
18.  De Water R, Willems LN, Van Muijen GN, et al: Ultrastructural localization of bronchial 
antileukoprotease in central and peripheral human airways by a goldlabeling technique using 
monoclonal antibodies. Am.Rev. Respir. Dis 1986, 133: 882-90. 
19.  Hong KU, Reynolds SD, Giangreco A, Hurley CM, Stripp BR: Clara cell secretory 
protein-expressing cells of the airway neuroepithelial body microenvironment include a 
label-retaining subset and are critical for epithelial renewal after progenitor cell depletion. 
Am.J.Respir. Cell Mol. Biol 2001, 24: 671-81. 
20.  Holt PG, Strickland DH, Wikstrom ME, Jahnsen FL: Regulation of immunological homeostasis 
in the respiratory tract. Nat Rev Immunol 2008, 8:142-52. 
21.  Goldsby RA, Kindt TJ, Osbonre BA, Kuby J. Immunology 2003, Vol. 5th. 
22.  Vareille M, Kieninger E, Edwards MR, Regamey N: The airway epithelium:soldier in the fight 
against respiratory viruses. Clin Microbiol Rev 2011, 24(1):210-29. 
23.  Roche, W. R, S. Montefort, J. Baker, S. T. Holgate: Cell adhesion molecules and the bronchial 
epithelium. Am. Rev. Respir. Dis 1993, 148:S79-S82. 
24.  Voynow, J. A, B. K. Rubin: Mucins, mucus, and sputum. Chest 2009, 135:505–512. 
25.  Müller L, Jaspers I: Epithelial cells, the "switchboard" of respiratory immune defense 
responses: effects of air pollutants.Swiss Med Wkly 2012, 142:w13653. 
26.  Stampfli MR, Anderson GP: How cigarette smoke skews immune responses to 
promote infection, lung disease and cancer. Nat Rev Immunol 2009, 9:377-84. 
27.  Burns AR, Hosford SP, Dunn LA, Walker DC, Hogg JC: Respiratory epithelial permeability 
after cigarette smoke exposure in guinea pigs. J Appl Physiol 1989, 66:2109-16. 
28.  Foster WM: Mucociliary transport and cough in humans. Pulm Pharmacol Ther 2002, 
15:277-82. 
29.  Mehta H, Nazzal K, Sadikot RT: Cigarette smoking and innate immunity. Inflamm Res 2008, 
57:497-503. 
30.  Shaykhiev R, Otaki F, Bonsu P, et al: Cigarette smoking reprograms apical junctional 
complex molecular architecture in the human airway epithelium in vivo. Cell Mol Life Sci 2011, 
68:877-892. 
31.  Sajjan U, Wang Q, Zhao Y, et al: Rhinovirus disrupts the barrier function of polarized airway 
epithelial cells. Am J Respir Crit Care Med 2008, 178:1271-1281. 
32.  Comstock AT, Ganesan S, Chattoraj A, et al: Rhinovirus-induced barrier dysfunction in 
polarized airway epithelial cells is mediated by NADPH oxidase 1. J Virol 2011, 85:6795-6808. 
33.  Bossios A, Psarras S, Gourgiotis D, et al: Rhinovirus infection induces cytotoxicity and delays 
wound healing in bronchial epithelial cells. Respir Res 2005, 6:114. 
34.  Bauer CM, Dewitte-Orr SJ, Hornby KR, Zavitz CC, Lichty BD, Stampfli MR, 
et al: Cigarette smoke suppresses type I interferon-mediated antiviral immunity in lung fibroblast 
and epithelial cells. J Interferon Cytokine Res 2008, 28:167-79. 
35.  Brusselle GG, Joos GF, Bracke KR: New insights into the immunology of chronic obstructive 
pulmonary disease. Lancet 2011, 378(9795):1015-26. 
36.  Ferhani N, Letuve S, Kozhich A, et al: Expression of high-mobility group box 1 and of 
receptor for advanced glycation end products in chronic obstructive pulmonary disease. Am J 
Respir Crit Care Med 2010, 181: 917-27. 
37.  Lommatzsch M, Cicko S, Muller T, et al: Extracellular adenosine triphosphate and chronic 
obstructive pulmonary disease. Am J Respir Crit Care Med 2010, 181: 928-34. 
38.  Mayer AK, Muehmer M, ET AL: Differential recognition of TLR-dependent microbial 
ligands in human bronchial epithelial cells. J Immunol 2007, 178:3134-3142. 
39.  Cosio MG, Saetta M, Agusti A: Immunologic aspects of chronic obstructive pulmonary 
disease. N Engl J Med 2009, 360:2445–2454. 
40.  Barnes PJ, Shapiro SD, Pauwels RA: Chronic obstructive pulmonary disease: molecular and 
cellular mechanisms. Eur Respir J 2003, 22: 672-88. 
41.  Demedts IK, Bracke KR, Van Pottelberge G, et al: Accumulation of dendritic cells and 
increased CCL20 levels in the airways of patients with chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 2007, 175: 998-1005. 
42.  Rahman I, Adcock IM: Oxidative stress and redox regulation of lung inflammation in COPD. 
Eur Respir J 2006, 28: 219-42. 
43.  Banchereau J, Briere F, et al: Immunobiology of dendritic cells. Annu Rev Immunol 2000, 
18:767-811. 
44.  Saetta M, Di Stefano A, Turato G, et al: CD8+ T-lymphocytes in peripheral airways of smokers 
with chronic obstructive pulmonary disease. Am J Respir Crit Care Med 1998, 157: 822-86. 
45.  Reibman J, Hsu Y, Chen LC, Bleck B, Gordon T: Airway epithelial cells release 
MIP-3alpha/CCL20 in response to cytokines and ambient particulate matter. Am J Respir Cell 
Mol Biol 2003, 28(6):648-54. 
46.  Niess, J.H, Brand, S, et al: CX3CR1-mediated dendritic cell access to the intestinal lumen 
and bacterial clearance. Science 2005, 307(5707): 254-258. 
47.  Salvi S, Holgate ST: Could the airway epithelium play an important role in mucosal IgA 
production? Clin Exp Allergy 1999, 29:1597-1605. 
48.  Pilette C, Ouadrhiri Y, Godding V, Vaerman JP, Sibille Y: Lung mucosal immunity: 
immunoglobulin-A revisited. Eur Respir J 2001, 18:571–588. 
49.  Hogg JC: Pathophysiology of airflow limitation in chronic obstructive pulmonary disease. 
Lancet 2004, 364:709-21. 
50.  Sutherland ER, Martin RJ: Airway inflammation in chronic obstructive pulmonary disease: 
comparisons with asthma. J. Allergy Clin. Immunol 2003, 112(5): 819-827. 
51.  Noah TL, Becker S: Respiratory syncytial virus-induced cytokine production by a human 
bronchial epithelial cell line. Am J Physiol 1993, 265:L472-L478. 
52.  Subauste MC, Jacoby DB, Richards SM, et al: Infection of a human respiratory epithelial cell 
line with rhinovirus: induction of cytokine release and modulation of susceptibility to infection by 
cytokine exposure. J Clin Invest 1995, 96:549-557. 
53.  Tosi MF, Stark JM, Smith CW, et al: Induction of ICAM-1 expression on human airway 
epithelial cells by inflammatory cytokines: effects on neutrophil-epithelial cell adhesion. Am J 
Respir Cell Mol Biol 1992, 7:214-221. 
54.  Folkerts G, Busse WW, Nijkamp FP, et al: Virus-induced airway hyperresponsiveness and 
asthma. Am J Respir Crit Care Med 1998, 157:1708-1720. 
55.  Martin LD, Rochelle LG, Fischer BM, et al: Airway epithelium as an effector of inflammation: 
molecular regulation of secondary mediators. Eur Respir J 1997, 10:2139-2146. 
56.  Cromwell O, Hamid Q, Corrigan C, Barkans J, Meng Q, Collins P: Expression and generation 
of interleukin-8, IL-6 and granulocyte-macrophage colony-stimulating factor by bronchial 
epithelial cells and enhancement by IL-1 beta and tumor necrosis factor-alpha. Immunology 1992, 
77: 330-337. 
57.  Adler K, Fischer B, Wright D, Cohn L, Becker S: Interactions between respiratory epithelial 
cells and cytokines: relationships to lung inflammation. Ann NYAcad Sci 1994, 725: 128-145. 
58.  Wright DT, Adler KB, Akley NJ, Dailey LA, Friedman M: Ozone stimulates release of 
platelet-activating factor and activates phospholipases in guinea-pig tracheal epithelial cells in 
primary culture. Toxicol Appl Pharmacol 1994, 127:27-36. 
59.  McKinnon KP, Madden MC, Noah TL, Devlin RB: In vitro ozone exposure increases release of 
arachidonic acid products from a human bronchial epithelial cell line. Toxicol Appl Pharmacol 
1993, 118: 215-223. 
60.  Adler KB, Akley NJ, Glasgow WC: Platelet-activating factor provokes release of mucin-like 
glycoproteins from guinea-pig respiratory epithelial cells via a lipoxygenase-dependent 
mechanism. Am J Respir Cell Mol Biol 1992, 6: 550-556. 
61.  Ford-Hutchinson A: Regulation of leukotriene biosynthesis. Cancer Metastasis Rev 1994, 13: 
257-267. 
62.  Rola-Pleszczynski M, Thivierge M, Gagnon N, Lacasse C, Stankova J: Differential regulation of 
cytokine and cytokine receptor genes by PAF, LTB4 and PGE2. J Lipid Media Cell Signal 1993, 6: 
175-181. 
63.  Martin LD, Krunkosky TM, Voynow JA, et al: The role of reactive oxygen and nitrogen species 
in airway epithelial gene expression. Environ Health Perspect 1998, 106(suppl):1197–1203. 
64.  Kinnula VL, Adler KB, Ackley NJ, et al: Release of reactive oxygen species by guinea pig 
tracheal epithelial cells in vitro. Am J Physiol 1992, 262:L708–L712. 
65.  Remacle J, Raes M, Toussaint O, Renard P, Rao G: Low levels of reactive oxygen species as 
modulators of cell function. Mutat Res 1995, 316:103-122. 
66.  Takizawa H: Airway epithelial cells as regulators of airway inflammation. Int J Mol Med 
1998, 1:367-378. 
67.  Ovrevik J, Lag M, Holme JA, Schwarze PE, Refsnes M: Cytokine and chemokine expression 
patterns in lung epithelial cells exposed to components characteristic of particulate air pollution. 
Toxicology 2009, 259(1-2):46-53. 
68.  Wu YL, Lin AH, et al: Glucosamine attenuates cigarette smoke-induced lung inflammation 
by inhibiting ROS-sensitive inflammatory signaling. Free Radic Biol Med 2014, 69:208-18.  
69.  Maselli R, Grembiale RD, Pelaia G, Cuda G: Oxidative stress and lung diseases. Monaldi Arch 
Chest Dis 2002, 57(3-4):180-1. 
70.  Adenuga D, Rahman I: Protein kinase ck2-mediated phosphorylation of hdac2 regulates 
co-repressor formation, deacetylase activity and acetylation of hdac2 by cigarette smoke and 
aldehydes. Arch Biochem Biophys 2010, 498(1):62-73. 
71.  Didon L, Barton JL, et al: Lung epithelial ccaat/enhancer-binding protein-beta is necessary 
for the integrity of inflammatory responses to cigarette smoke. Am J Respir Crit Care Med 2011, 
184(2):233-242. 
72.  Lee SY, Kang EJ, et al: Peroxisome proliferator-activated receptor-gamma inhibits cigarette 
smoke solution-induced mucin production in human airway epithelial (nci-h292) cells. Am J 
Physiol Lung Cell Mol Physiol 2006, 291(1):L84-90. 
73.  Repine JE, Bast A, Lankhorst I: Oxidative stress in chronic obstructive pulmonary disease. 
Am J Respir Crit Care Med 1997, 156:341-357. 
74.  MacNee W: Oxidative stress and lung inflammation in airways disease. Eur J Pharmacol 2001, 
429:195-207. 
75.  Rochelle, L.G, Fischer, B.M, Adler, K.B: Concurrent production of reactive oxygen and 
nitrogen species by airway epithelial cells in vitro. Free Radical Biol. Med 1998, 24:863-868. 
76.  Jany B, Betz R, Shreck R: Activation of the transcription factor NF-κB in human 
tracheobronchial epithelial cells by inflammatory stimuli. Eur Respir J 1995, 8:387-91. 
77.  Rusznak C, Devalia JL, Sapsford RJ, Davies RJ: Ozone-induced mediator release from human 
bronchial epithelial cells in vitro and the influence of nedocromil sodium. Eur Respir J 1996, 
9:2298-2305. 
78.  Tomita K, Barnes PJ, Adcock IM: The effect of oxidative stress on histone acetylation and 
IL-8 release. Biochem Biophys Res Commun 2003, 301:572-577. 
79.  Ito K, Tomita T, Barnes PJ, Adcock IM: Oxidative stress reduces histone deacetylase (HDAC)2 
activity and enhances IL-8 gene expression: role of tyrosine nitration. Biochem Biophys Res 
Commun 2004, 315:240-245. 
80.  Rusznak C, Devalia JL, Sapsford RJ, Davies RJ: Ozone-induced mediator release from human 
bronchial epithelial cells in vitro and the influence of nedocromilsodium. Eur Respir J 1996, 
9(11):2298-305.  
81.  Tosi M F, Hamedani A, Brosovich J, Alpert S E: ICAM-1 independent, CD18-dependent 
adhesion between neutrophils and human airway epithelial cells exposed in vitro to ozone. J 
Immunol 1994, 152: 1935-1942. 
82.  Casalino-Matsuda SM, Monzon ME, Day AJ, Forteza RM: Hyaluronan fragments/CD44 
mediate oxidative stress-induced MUC5B up-regulation in airway epithelium. Am J Respir Cell 
Mol Biol 2009, 40(3):277-85. 
83.  Yang T, Luo F, et al: Quercetin attenuates airway inflammation and mucus production 
induced by cigarette smoke in rats. Int Immunopharmacol 2012, 13(1):73-81. 
84.  Tamaoki J, Isono K, Takeyama K, Tagaya E, Nakata J, Nagai A: Ultrafine carbon black 
particles stimulate proliferation of human airway epithelium via EGF receptor-mediated 
signaling pathway. Am J Physiol Lung Cell Mol Physiol 2004, 287(6):L1127-33. 
85.  Jabbour A J, Altman L C, Wight T N, Luchtel D L: Ozone alters distribution of β1 integrins in 
cultured primate bronchial epithelial cells. Am J Respir Cell Mol Biol 1998, 19: 357-365. 
86.  Rusznak C, Devalia J L, Sapsford R J, Davies R J: Ozone-induced mediator release from 
human bronchial epithelial cells in vitro and the influence of nedocromil sodium. Eur Respir J 
1996, 9: 2298-2305. 
87.  Slebos DJ, Ryter SW, et al: Mitochondrial localization and function of heme oxygenase-1 in 
cigarette smoke-induced cell death. Am J Respir Cell Mol Biol 2007, 36(4):409-17. 
88.  Henricks PAJ, Nijkamp FP: Reactive oxygen species as mediators in asthma. Pulm Pharmacol 
Ther 2001, 14: 409-421.  
89.  Smith LJ, Houston M, Anderson J: Increased levels of glutathione in bronchoalveolar lavage 
fluid from patients with asthma. Am Rev Respir Dis 1993, 147: 1461-1464. 
90.  Comhair SA, Erzurum SC: Antioxidant responses to oxidant-mediated lung diseases. Am J 
Physiol Lung Cell Mol Physiol 2002, 283:L246-L255. 
91.  Avissar N, Finkelstein JN, et al: Extracellular glutathione peroxidase in human lung epithelial 
lining fluid and in lung cells. Am J Physiol 1996, 270:L173-L182. 
92.  Pietarinen-Runtti, P, K. O. Raivio, M. Saksela, T. M. Asikainen, V. L. Kinnula: Antioxidant 
enzyme regulation and resistance to oxidants of human bronchial epithelial cells cultured under 
hypoxic conditions. Am. J. Respir. Cell Mol. Biol 1998,19:286-292. 
93.  Duan, D, A. R. Buckpitt, K. E. Pinkerton, C. Ji, G. G. Plopper: Ozone-induced alterations in 
glutathione in lung sub-compartments of rats and monkeys. Am. J. Respir. Cell Mol. Biol 
1996,14:70-75. 
94.  Rusznak C, Mills PR, Devalia JL, Sapsford RJ, Davies RJ, Lozewicz S: Effect of cigarette 
smoke on the permeability and IL-1beta and sICAM-1 release from cultured human 
bronchialepithelial cells of never-smokers, smokers, and patients with chronic obstructive 
pulmonary disease.Am J Respir Cell Mol Biol 2000, 23(4):530-6. 
95.  van der Toorn M, Smit-de Vries MP, et al: Cigarette smoke irreversibly modifies glutathione in 
airway epithelial cells.Am J Physiol Lung Cell Mol Physiol 2007, 293(5):L1156-62. 
96.  Rogers DF: Physiology of airway mucus secretion and pathophysiology of hypersecretion. 
Respir Care 2007, 52: 1134-1146. 
97.  Rogers DF: Airway goblet cells: responsive and adaptable front-line defenders. Eur Respir J 
1994, 7(9):1690-706. 
98.  Caramori G, Di Gregorio C, Carlstedt I, et al: Mucin expression in peripheral airways of 
patients with chronic obstructive pulmonary disease. Histopathology 2004, 45:477-484.  
99.  Thornton DJ, Rousseau K, McGuckin MA: Structure and function of the polymeric mucins in 
airways mucus. Annu Rev Physiol 2008, 70:459-486. 
100.  Saetta M, Turato G, et al: Goblet cell hyperplasia and epithelial inflammation in peripheral 
airways of smokers with both symptoms of chronic bronchitis and chronic airflow limitation. Am 
J Respir Crit Care Med 2000, 161:1016-1021. 
101.  Innes A, Woodruff P, Ferrando R, Donnelly S, Dolganov GM, Lazarus SC, Fahy JV: Epithelial 
mucin stores are increased in the large airways of smokers with airflow obstruction. Chest 2006, 
130:1102-1108. 
102.  Lai H, Rogers DF: New pharmacotherapy for airway mucus hypersecretion in asthma and 
COPD: targeting intracellular signalingpathways. J Aerosol Med Pulm Drug Deliv 2010, 
23(4):219-31. 
103.  Fujisawa T, Velichko S, Thai P, Hung LY, Huang F, Wu R: Regulation of airway MUC5AC 
expression by IL-1beta and IL-17A; the NF-kappaB paradigm. J Immunol 2009, 183(10):6236-43. 
104.  Lora JM, Zhang DM, et al: Tumor necrosis factor-a triggers mucus production in airway 
epithelium through an IkB kinase b-dependent mechanism. J Biol Chem 2005, 280:36510-36517. 
105.  Gray T, Nettesheim P, et al: Interleukin-1b-induced mucin production in human airway 
epithelium is mediated by cyclooxygenase-2, prostaglandin E2 receptors, and cyclic AMP-protein 
kinase A signaling. Mol Pharmacol 2004, 66:337-346. 
106.  Gray T, Coakley R, et al: Regulation of MUC5AC mucin secretion and airway surface liquid 
metabolism by IL-1b in human bronchial epithelia. Am J Physiol Lung Cell Mol Physiol 2004, 
286:L320-L330. 
107.  Atherton HC, Jones G, Danahay H: IL-13-induced changes in the goblet cell density of 
human bronchial epithelial cell cultures: MAP kinase and phosphatidylinositol 3- kinase 
regulation. Am J Physiol Lung Cell Mol Physiol 2003, 285:L730-L739. 
108.  Booth BW, Adler KB, Bonner JC, Tournier F, Martin LD: Interleukin-13 induces proliferation 
of human airway epithelial cells in vitro via a mechanism mediated by transforming growth 
factor-alpha. Am J Respir Cell Mol Biol 2001, 25:739-743. 
109.  Nadel JA, Takeyama K, et al: Oxidative stress causes mucin synthesis via transactivation of 
epidermal growth factor receptor: role of neutrophils. J Immunol 2000, 164:1546-1552. 
110.  Chiba T, Uchi H, Tsuji G, Gondo H, Moroi Y, Furue M: Arylhydrocarbon receptor (AhR) 
activation in airway epithelial cells induces MUC5AC via reactive oxygen species (ROS) 
production. Pul Pharmacol Ther 2011, 24: 133-140. 
111.  Shao MXG, Nadel JA: Neutrophil elastase induces MUC5AC mucin production in human 
airway epithelial cells via a cascade involving protein kinase c, reactive oxygen species, and 
TNF-alpha converting enzyme. J Immunol 2005, 175:4009-4016. 
112.  Deshmukh H, Shaver C, et al: Acrolein-activated matrix metalloproteinase 9 contributes to 
persistent mucin production. Am J Respir Cell Mol Biol 2008, 38:446-454. 
113.  Deshmukh HS, McLachlan A, et al: Matrix metalloproteinase-14 mediates a phenotypic shift 
in the airways to increase mucin production. Am J Respir Crit Care Med 2009, 180:834-845. 
114.  Boucher RC: Relationship of airway epithelial ion transport to chronic bronchitis. Proc Am 
Thorac Soc 2004, 1(1):66-70. 
115.  Churg A, Tai H, Coulthard T, Wang R, Wright JL: Cigarette smoke drives small airway 
remodeling by induction of growth factors in the airway wall. Am J Respir Crit Care Med 2006, 
174:1327-1334 
116.  McDowell EM, Becci PJ, Schurch W, Trump BF: The respiratory epithelium. VII. 
Epidermoid metaplasia of hamster tracheal epithelium during regeneration following mechanical 
injury. J Natl Cancer Inst 1979, 62:995-1008. 
117.  Sacco O, Silvestri M, et al: Epithelial cells and fibroblasts: structural repair and 
remodelling in the airways. Paediatr Respir Rev 2004, 5 Suppl A:S35-40. 
118.  Cosio, M. G, Cosio, M. G: Disease of the airways in chronic obstructive pulmonary disease. 
Eur. Respir. J 2001, 18(suppl. 34): s41-s49. 
119.  Global initiative for Chronic Obstructive Lung Disease: Global strategy for the diagnosis, 
management, and prevention of chronic obstructive pulmonary disease. National Institutes of 
Health, National Heart, Lung and Blood Institute. 2003. 
120.  Petecchia L, Sabatini F, et al: Bronchial airway epithelial cell damage following exposure to 
cigarette smoke includes disassembly of tight junction components mediated by the extracellular 
signal-regulated kinase 1/2 pathway. Chest 2009, 135:1502-1512. 
121.  Tilley AE, Harvey BG, et al: Down-regulation of the notch pathway in human airway 
epithelium in association with smoking and chronic obstructive pulmonary disease. Am J Respir 
Crit Care Med 2009, 179:457-466 
122.  Iwano M, Plieth D, Danoff TM, Xue C, Okada H, Neilson EG: Evidence that fibroblasts 
derive from epithelium during tissue fibrosis. J Clin Invest 2002, 110:341-350 
123.  Zhang M, Zhang Z, Pan HY, Wang DX, Deng ZT, Ye XL: TGF-beta1 induces human 
bronchial epithelial cell-tomesenchymal transition in vitro. Lung 2009, 187:187-194 
124.  Sohal SS, Reid D, Soltani A, et al: Reticular basement membrane fragmentation and 
potential epithelial mesenchymal transition is exaggerated in the airways of smokers with chronic 
obstructive pulmonary disease. Respirology 2010, 15:930-938. 
125.  Kalluri R, Neilson EG: Epithelial-mesenchymal transition and its implications for fibrosis. J 
Clin Invest 2003, 112:1776-1784. 
126.  Kalluri R, Weinberg RA: The basics of epithelial-mesenchymal transition. J Clin Invest 2009, 
119:1420-1428. 
127.  Puchelle E, Zahm JM, Tournier JM, Coraux C: Airway epithelial repair, regeneration, and 
remodeling after injury in chronic obstructive pulmonary disease. Proc Am Thorac Soc 2006, 
3(8):726-33. 
128.  Lagente V, Manoury B, et al: Role of matrix metalloproteinases in the development of 
airway inflammation and remodeling. Braz J Med Biol Res 2005, 38:1521-1530. 
129.  Zandvoort A, Postma DS, et al:Altered expression of the Smad signalling pathway: 
implications for COPD pathogenesis. Eur Respir J 2006, 28:533-541. 
130. Zandvoort A, Postma DS,et al: Smad gene expression in pulmonary fibroblasts: indications for 
defective ECM repair in COPD. Respir Res 2008, 9:83. 
131.  O’Donnell DE: Hyperinfl ation, dyspnea, and exercise intolerance in chronic obstructive 
pulmonary disease. Proc Am Thorac Soc 2006, 3:180-84. 
132.  Leff AR: Tissue remodeling and repair mechanisms in chronic obstructive pulmonary 




Table 1.  Mediators produced by BECs in COPD. 
 
Lipid mediators PGE2, LTs B4 and C4, PAF 
Reactive oxygen species (and 
products) 
H2O2, superoxide anion radicals, hydroxyl 
radicals, nitric oxide, peroxynitrite, 
8-isoprostanes, 3-nitrotyrosine 
Cytokines  Proinflammatory IL-1β, TNF-α, IL-6, IL-8, GM-CSF 
           T-helper IL-4, IL-9, IL-10, IL-13 (T-helper-2); IFN-γ (T-helper-1) 
Chemokines    CXC IL-8 (CXCL8), GRO-α (CXCL1), ENA-78 (CXCL5), IP-10 (CXCL10) 
                CC MCP-1 (CCL2),  RANTES (CCL5), eotaxin (CCL11) 
Growth factors TGFβ, Endothelin-1, PDGF, VEGF, EGF 
Proteases MMP-1, -2, -7, -9, -12, Cathepsins, Cysteine proteinases 
 
PDGF: Platelet-derived growth factor; VEGF: Vascular endothelial growth factor; 







Figure 1. Bronchial epithelial cells (BECs) initiate and control immune and 
inflammatory responses in COPD pathogenesis 
Cigarette smoke activates BECs by triggering pattern recognition receptors (PRR) 
such as Toll-like receptors (TLRs) either directly by cigarette components or 
indirectly via the release of damage-associated molecular patterns (DAMPs). On 
activation, BECs release pro-inflammatory cytokines and chemokines, which recruit 
infiltrating inflammatory cells including macrophages, neutrophils and dendritic cells 
(DCs). Activated immune cells, in turn, secrete additional inflammatory mediators, 
reactive oxygen species (ROS) and proteolytic enzymes (neutrophil elastase [NE] and 
matrix metalloproteinases [MMPs]).  These mediators contribute to the airway 
remodelling and destruction of lung tissue that is involved in the pathogenesis of 





Figure 2.  Bronchial epithelial cells (BECs) contribute to oxidative 
stress-mediated lung inflammation.  
BECs are exposed to exogenous oxidants, such as CS, which induces production of 
ROS and depletion of some antioxidants. Excessive ROS production overwhelms the 
antioxidant defense mechanisms in the airways resulting in elevated expression of 
inflammatory mediators.  This, in turn, induces an influx of inflammatory cells into 
the airway and lung. In addition, excess oxidative stress impairs the structural 
integrity of BECs and the protective capacity of the bronchial epithelium against 
inhaled oxidants, further enhancing the inflammation. 
